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a b s t r a c t
Wildlife tourism is proliferating worldwide and has the potential to raise revenue for conservation as well
as public awareness of conservation issues. However, concerns are growing about the potentially nega-
tive inﬂuence of such tourism on the wildlife involved. We investigate the effects of habituation, ecotour-
ism and research activities on levels of faecal glucocorticoid metabolites (FGCMs), a proxy for
physiological stress, in wild western lowland gorillas (Gorilla gorilla gorilla) in the Central African Repub-
lic. We compare FGCMs in three human-contacted groups with those in unhabituated gorillas. We also
explore how human–gorilla contact inﬂuences FGCMs of a gorilla group undergoing habituation and
investigate how measures of general human–gorilla contact, tourism and human proximity inﬂuence
FGCMs in recently and long-term habituated groups. Two of the three human-contacted groups had
higher levels of FGCMs than unhabituated gorillas. The group undergoing habituation had the highest
FGCMs, which increased up to 21 days following contacts, suggesting a cumulative FGCM response, in
line with descriptions of a hormonal adaptation response to a chronic intermittent stressor. FGCMs in
habituated groups were signiﬁcantly associated with increasing frequency of violation of the 7 m dis-
tance rule by observers and with a medical intervention but not with other measures of human pressure.
Our ﬁndings provide critical information for the management of this, and other, species whose conserva-
tion depends on habituation for ecotourism.
Crown Copyright  2014 Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/).
1. Introduction
Wildlife tourism is one of the fastest growing sectors of the
international tourism market (Fennell, 2012). It has been
advocated as a tool to conserve species and habitats and can accrue
educational and socio-developmental beneﬁts as infrastructure
builds around tourism activities (Williamson and Macﬁe, 2010).
Today’s tourists desire close, personal, wildlife encounters and
are particularly attracted to endangered species in remote, fragile
habitats (Williamson and Macﬁe, 2010). However, a growing num-
ber of accounts document behavioural and physiological altera-
tions in the species encountered (Tadesse and Kotler, 2012;
Treves and Brandon, 2005; Semeniuk et al., 2009; Velando and
Munilla, 2011), causing concerns that the costs of tourism to the
focal organisms may outweigh the wildlife conservation beneﬁts
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(Butynski and Kalina, 1998; Ferber, 2000; Higginbottom et al.,
2003).
All animals must cope with unpredictable occurrences, or
stressors, in their environments (Cyr and Romero, 2008). A normal
vertebrate stress response involves a release of glucocorticoids
(GCs) from the adrenal cortex (Selye, 1955), which protects an
organism against the effects of acute stress via activation of various
behavioural and metabolic processes, and is adaptive in the short-
term (Cyr and Romero, 2008; Wingﬁeld and Romero, 2010). Long-
term elevation of circulating GC levels is, however, maladaptive, as
it is linked to hyperglycaemia, neuronal cell death, and suppression
of the immune and reproductive systems (Cyr and Romero, 2008).
Moreover, unpredictable, chronic, intermittent stressors, as typi-
ﬁed in wildlife tourism contexts, are thought most likely to cause
pathology (Boonstra, 2012; Sapolsky, 1992). As extensive research
has linked increased GC output to ill-health, GCs in blood or faeces
have often been used to monitor individuals and populations in
conservation research (Cyr and Romero, 2008; Tarlow and Blum-
stein, 2007; Wikelski and Cooke, 2006), and are used increasingly
to assess the physiological effects of human disturbance and wild-
life tourism on the animals concerned (Behie et al., 2010; Creel
et al., 2002; Ellenberg et al., 2007; Pineiro et al., 2012; Zwijacz-
Kozica et al., 2013).
Like other charismatic mega-fauna, great apes ﬁgure highly on
wildlife tourism wish-lists (Williamson and Macﬁe, 2010). Great
ape tourism relies on the intentional ‘taming’, or habituation, of
wild animals, which involves exposing the apes to a habituation
team, until they become accustomed to daily visits (‘contacts’),
appearing to pay little attention and showing minimal aggression
to humans (MGVP, 2009). In the early stages of habituation apes
typically show behavioural indications of an acute stress response
(Blom et al., 2004). However, once the apes are behaviourally
habituated it is postulated that they no longer perceive the arrival
of humans as a threat (Butynski and Kalina, 1998), and thus cease
to mount an adrenocortical response. To the best of our knowledge,
however, no study has examined the effect of the process of habit-
uation on HPA axis activity in any mammal species.
It is important to test the effects of habituation on the GC re-
sponse in great apes, and the assumption that habituated apes
no longer experience an elevated GC response when visited by hu-
mans, as chronically elevated GCs can lead to a reduction in resis-
tance to disease (Cohen et al., 2007). Additionally, the close genetic
relationship between humans and other apes renders habituated
apes vulnerable to human diseases (Woodford et al., 2002). This
is of particular concern, as gorillas appear to be physiologically less
resilient to stressful situations compared to other great apes as
demonstrated by the low survival rate of gorillas in zoos and sanc-
tuaries (King et al., 2009). Gorilla tourism sites have adopted regu-
lations in an attempt to reduce the negative effects of human
contact on habituated gorillas including maintenance of a 7 m dis-
tance between humans and gorillas, limiting tourist visits to one
hour each per day with a maximum number of people per group,
and prohibiting visits to gorillas by people who have visible symp-
toms of contagious illness. However, these rules are difﬁcult to en-
force and often fail, leading experts to suggest that the risks of
close-contact tourism may be greater than previously believed
(Sandbrook and Semple, 2006). Here, we investigate the impacts
of habituation, research and tourism on the GC response of the crit-
ically endangered western lowland gorilla (Gorilla gorilla gorilla).
Western lowland gorillas range across many of the least devel-
oped countries in central and west Africa. The remaining wild pop-
ulation size is estimated to be 95,000 animals and is predicted to
decline by 80 % over the next 66 years (IUCN, 2012). Despite
long-term efforts to habituate groups at several sites, only four
groups can currently be visited by tourists. It can take 4–8 years
to habituate western lowland gorillas, unlike mountain gorilla
groups which can typically be habituated within a year. Tracking
difﬁculties also mean that habituated western lowland gorillas
must be followed closely from dawn to dusk to sustain daily con-
tact with the group. In addition, the paucity of habituated western
lowland gorilla groups also means that they often serve the inter-
ests of multiple stakeholders, including researchers, funding do-
nors, ﬁlm crews and photographers, as well as tourists. These
pressures increase the risks of physiological stress in western low-
land gorillas compared to other apes involved in tourism.
We studied a gorilla group undergoing habituation, a recently
habituated group, a long-term habituated group, and non-hu-
man-contacted, unhabituated gorillas, to test the following
hypotheses and predictions:
Hypothesis 1. Contact with humans elicits a GC response in
gorillas, but habituation reduces this response over time. We
predict that:
(a) Gorillas undergoing habituation and habituated gorillas
exposed to ecotourism and research activities will have
higher FGCMs that those that are not exposed to human con-
tact at all.
(b) Gorillas undergoing the process of habituation will have
higher FGCMs than habituated gorillas.
(c) Long-term habituated gorillas will have lower FGCMs than
more recently habituated gorillas.
Hypothesis 2. The process of habituation is perceived as a threat
by gorillas. Based on patterns of FGCM excretion in captive gorillas
(Shutt et al., 2012), we predict that:
(a) FGCM levels in gorillas undergoing habituation will peak
around 48 h after contact(s) with humans.
(b) FGCM levels in gorillas undergoing habituation will decrease
to pre-contact levels after peaking at 48 h post contact with
humans, assuming the gorillas are not subjected to other
environmental stressors.
Hypothesis 3. Elements of daily contact with humans still elicit a
GC response in habituated gorillas. We predict that:
FGCM levels will increase with increasing levels of human–gor-
illa contact, measured as: amount of daily human–gorilla interac-
tion; amount of close-follow research activities; the total daily
number of people in contact with the gorilla group; occurrence
of tourism; duration of tourist visits; total number of tourist
groups; total daily number of tourists; frequency of humans fol-
lowing gorillas at <25 m; and frequency of humans approaching
to less than 7 m (violating the distance regulation).
2. Material and methods
2.1. Study site
We conducted our study at Bai Hokou (33 N 663109,
316187UTM) and Mongambe (33 N 654357, 322606 UTM) study
sites, in the Dzanga-Sangha Protected Areas (DSPA) in the Central
African Republic (CAR). The DSPA are co-managed by the CAR gov-
ernment, the World Wildlife Fund and the Primate Habituation
Programme (PHP). For a more detailed description of the study
sites see Carroll (1986). Gorilla habituation aimed at developing
ecotourism and research activities at Bai Hokou commenced in
1997. Today, tourists (426 in 2011) can visit a long-term habitu-
ated group of gorillas (Makumba) at Bai Hokou and another more
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recently habituated group (Mayele) at Mongambe. A further gorilla
group (Mata) is undergoing the process of habituation at the Bai
Hokou site. With the development of tourism the PHP has taken
measures to reduce the health risks that close human contact poses
to gorillas, such as maintenance of a 7 m distance from gorillas and
maximum number of six visitors over two, 1 h visits per day, with a
maximum of three tourists per group.
2.2. Study subjects
We collected observational data and faecal samples from the
three known gorilla groups and also from non-human-contacted,
unhabituated gorillas in the same area between November 2010
and December 2011 (Table 1).
2.3. Observational sampling
For habituated groups, we collected contact data during daily
follows (follow data for long-term habituated group n = 250, for re-
cently habituated group n = 116) and tourist visits (tourism follow
data for long-term habituated group n = 57, for recently habituated
group n = 16) when the total number of people did not exceed the
maximum permitted group size of six (including two trackers and
a guide). Daily contact duration was 6–9 h per day. We took instan-
taneous scans (Altmann, 1974) on human–gorilla proximity every
10 min, noting the distance of each visible gorilla in meters up to
25 m, then as >25 m, as pilot data suggested that distances
>25 m were often obscured by vegetation. We collected all occur-
rence data on the frequency of humans breaking the 7 m distance
rule when approaching a gorilla. We made a further record if the
gorilla moved away and the human approached again to <7 m,
but did not make a further record if the human remained at less
than 7 m. We disregarded occurrences where gorillas approached
humans.
For the group undergoing habituation, we recorded the number
of days contacts were made (130 contacts on 90 days over the
study period) and the number of contacts per day (range 0–3).
2.4. Faecal sampling
We collected a small portion (0.5 g) of fresh faeces (up to
30 min after defecation) when following habituated gorillas. For
the gorillas undergoing habituation and unhabituated gorillas we
collected samples from the trails if estimated to be less than
30 min old and from fresh (defecated the same day) samples from
nest sites. We were only able to observe defection, and thus iden-
tify all samples to the level of the individual for the long-term
habituated group. We attempted to equalise sampling effort across
groups; however, sampling from unhabituated gorillas was very
difﬁcult as teams had to locate dung from wild groups or individ-
uals. Experienced trackers assisted with age/sex class identiﬁcation
of faeces from the trails and nests according to faecal bolus size,
nest size and position (Tutin et al., 1995). We followed validated
methods to avoid variation in our FGCM measurements resulting
from sampling, extraction and storage (Shutt et al., 2012). We pre-
viously detected no effects of urine contamination on FGCMs
(Shutt et al., 2012). Nevertheless, we took all sample portions from
the centre of the faecal bolus where it should not have been af-
fected by urine.
We shipped the samples to the German Primate Centre Endocri-
nology Laboratory. We conducted FGCM measurements using a
11ß-hydroxyetiocholanolone (3a,11ß-dihydroxy-CM) enzyme
immunoassay which we have previously shown to be physiologi-
cally, biologically and immunologically valid for measuring faecal
glucocorticoid output in the western lowland gorilla (Shutt et al.,
2012). Inter-assay coefﬁcients of variations for these measure-
ments were 9.2 % (high value quality control) and 15.1 % (low value
quality control). We removed any samples with known complica-
tions (e.g., seeds discovered in the faecal matrix or alcohol evapo-
ration), leaving 1175 samples for analyses.
2.5. Independent variables: human–gorilla contact measures
For habituated groups, we used daily PHP records to establish
contact days, and calculated contact duration (humans following
the gorillas with or without direct observation), duration of direct
visual contact (mutual line of visibility) and the total number of
people with the group each day. For each day, we recorded
whether researchers followed individual gorillas closely, the pres-
ence of medical researchers and ﬁlm crews or professional photog-
raphers, whether tourists visited the gorillas, how many tourist
groups visited the gorillas, and the total number of tourists (Ta-
ble 2). We calculated the mean daily distance to the gorillas, split-
ting distances <25 m from those >25 m, and calculated the hourly
frequency at which humans broke the 7 m distance regulation, cor-
recting for the number of gorillas in the group. We also used PHP
project data on daily rainfall (range 0–75.5 ml) and temperature
(range 11–89 Fahrenheit) where available (long-term habituated
group only).
For the group undergoing habituation, we used the number of
human contacts with the group each day as a measure of habitua-
tion pressure.
2.6. Dependent variable: FGCM measures
FGCMs decrease over time in unpreserved gorilla faeces (Shutt
et al., 2012). The temporal degradation pattern is best described
by a polynomial ﬁt, Y = 0.0039x2  0.0844x + 0.9976, where
x = time between defecation and preservation. We calculated the
age of faecal samples collected from nests using the precise collec-
tion time and the average time gorillas leave their nests (5:30 am:
K. Shutt pers. obs; A. Todd pers. comm) and used this information
to compensate for hormone degradation in samples that were not
collected immediately. We obtained a corrected value (A) from the
original wet hormone content value (B) using A = B ⁄ 100/Y.
Table 1
Details of study groups, including habituation status, location, group composition, faecal sample identiﬁcation level and number of faecal samples.
Study groups
Habituation status Long-term Habituated Recently Habituated Under Habituation Unhabituated
Year Habituation/Tourism Commenced 2000/2004 2005/2009 2008/N/A N/A
Group size* 9 14 8/9 N/A
Faecal sample identiﬁcation Individual Individual & Age Category Age Category Age Category
Total faecal samples used in analyses 554 250 301 70
Data are adjusted accordingly.
* Group size decreased from 10 to 9 during the study period in the long-term habituated group due to female off-spring immigration and increased from 13 to 14 with the
birth of a new infant at the end of the study period in the recently habituated group.
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We found no diurnal variation in FGMCs (Shutt et al., 2012), so
used all samples in analysis. We express all hormone data as hor-
mone per faecal wet mass. We applied a 48 h time lag when ﬁtting
observational data to the hormone data as western lowland gorilla
FGCMs peak 48 h after a stressor (Shutt et al., 2012). We used the
natural logarithm of our hormone data (lnFGCM) in all analyses to
achieve a normal distribution.
2.7. Statistical analysis
Before testing our predictions, we ran a series of analyses using
generalised linear mixed effect models (GLMM) with a Gaussian
distribution and identity link to investigate variation in FGCMs be-
tween age-class categories, the two sexes, and wet (April–October)
and dry months (November–March). We also explored the rela-
tionship between FGCMs and daily rainfall and mean temperature.
2.8. Hypothesis 1
To test the predictions of hypothesis 1, we used a GLMM to
compare FGCMs of the three human-exposed groups (the long-
term habituated group, the recently habituated group and the
group undergoing habituation) with those of unhabituated gorillas,
and to one another. We used age category as a random effect as the
data were not always uniquely identiﬁed to individual gorillas in
the recently habituated gorilla group, the group undergoing habit-
uation, and the unhabituated gorillas. We then applied adjust-
ments for multiplicity corrections based on a false discovery rate
(Benjamini and Hochberg, 1995).
2.9. Hypothesis 2
To test the predictions of hypothesis 2, we used FGCM data from
the group undergoing habituation. We used GLMMs with age cat-
egory as a random effect as the data for this group were not un-
iquely identiﬁed to individual gorillas. To test prediction 2a we
compared FGCMs in samples collected up to 48 h after contacts
were made with the group (range 1–3 contacts on one day) with
those before contacts were made, as FGCMs peak 48 h after expo-
sure to a stressor (Shutt et al., 2012). To test prediction 2b, we
tested for an association between FGCMs and the number of days
since the last contact(s) was made, including samples collected
after 48 h.
2.10. Hypothesis 3
We used GLMM to test the predictions of hypothesis 3, setting
gorilla individual as a random effect for data from the long-term
habituated group. We used multiple linear regression models
(assuming all observations were independent) for analyses of the
data from the recently habituated group. After testing all the
variables we excluded those with non-signiﬁcant bivariate associ-
ations with FGCMs at p > 0.25. We then performed separate analy-
ses for three categories of the remaining variables: general
human–gorilla contact; tourism-speciﬁc contact; and human–gor-
illa proximity. We treated the three categories separately as there
were substantial differences in the amount of data available for
each category. For the long-term habituated group there were
510 observations for the general human–gorilla contact, 141 for
tourism-speciﬁc contact, and 334 for human–gorilla proximity.
For the recently habituated group, there were 205 observations
for the general human–gorilla contact, 31 for tourism-speciﬁc con-
tact, and 96 for human–gorilla proximity. We applied adjustments
for multiplicity correction for the ﬁnal models based on false dis-
covery rates (Benjamini and Hochberg, 1995).
In building our models, we ﬁrst tested for associations between
FGCMs and the occurrence of tourism (yes/no), the duration of dai-
ly human–gorilla contacts (min), duration of daily direct visual
observation (mins) and the total daily number of people with the
group. We also tested for relationships between FGCMs and
close-follow research, a medical intervention, and ﬁlm crew/pho-
tographer presence (all yes/no) in the same model. Second, we
used tourism-speciﬁc data and tested for associations between
FGCMs and the duration of tourism visits (mins), the total daily
number of tourist groups and the total daily number of tourists. Fi-
nally, we tested relationships between FGCMs and human–gorilla
proximity when gorillas were at <25 m and >25 m, and the fre-
quency of violation of the 7 m distance regulation by humans
(long-term habituated group range 0.19–10.5/h, mean = 1.83/h; re-
cently habituated group 0.29–3/h, mean = 1.29/h). We could not
run all tests for the recently habituated group, as sampling difﬁcul-
ties greatly reduced the data set.
We conducted all statistical analyses in R2.14.2. We report the
mean difference (MD), the standard error (SE) and the p-value for
each association tested and the slope (S), its standard error (SE)
and p-value for quantitative predictors. We show the variance
(Var) and standard deviation (SD) for the random effects compo-
nent of the GLMM models in the results tables.
3. Results
We found no signiﬁcant relationships between mean FGCMs
and age-class, sex, season, and mean daily temperature or rainfall
in any of the gorilla groups where data were available to test
(GLMM: all p > 0.25, data not shown). We, therefore, excluded
these variables from further analyses.
3.1. Hypothesis 1
In line with prediction 1a, both the group undergoing habitua-
tion and the recently habituated group had signiﬁcantly higher
FGCMs than unhabituated gorillas (GLMM: MD = 0.23, SE = 0.07,
Table 2
Details of observational data collected to establish measures of human–gorilla contact for both the long-term habituated group and the recently habituated group.
Observation Long-term habituated group Long-term habituated group
Overall contact duration range (mins) 45–607 202–632
Direct visual contact range (mins) 45–598 202–615
Total daily number of people with the group range 1–19 N/A
Close-follow research days 48 N/A
Medical intervention days 9 35
Film/Camera crew days 41 N/A
Tourism days 57 16
Tourism groups range 1–4 1–3
Total daily number of tourists range 1–11 1–11
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p = 0.01; MD = 0.018, SE = 0.087, p = 0.01). The comparison be-
tween the FGCMs of the long-term habituated group and unhabit-
uated gorillas gave a p-value of 0.05 (GLMM: MD = 0.013, SE0.07,
p = 0.05). In line with prediction 1b, FGCMs in the group undergo-
ing habituation were also signiﬁcantly higher than those in the
long-term habituated group (GLMM: MD0.01, SE = 0.04, p = 0.01).
However, contrary to prediction 1c, FGCMs in the recently habitu-
ated group were not signiﬁcantly different to those in the long-
term habituated group (GLMM: MD-0.05, SE = 0.04, p = 0.27,
Fig. 1, Table A1).
3.2. Hypothesis 2
We found some support for prediction 2a, that FGCM levels in
gorillas undergoing habituation will peak 48 h after a contact with
humans. FGCMs were signiﬁcantly higher than pre-contact levels
48 h after 3 contacts with humans in the group undergoing habit-
uation (GLMM: MD = 0.350, SE = 0.135, P = 0.010), although they
were not signiﬁcantly different from pre-contact levels within
the predicted 48 h period after only 1 or 2 contacts with humans
(1 contact GLMM: MD = 0.048, SE = 0.085, p = 0.572; 2 contacts:
MD = 0.234, SE = 0.209, p = 0.265). Contrary to prediction 2b, that
FGCMs would decrease to pre-contact levels after 48 h, they con-
tinued to rise, and rose signiﬁcantly for up to 21 days after con-
tact(s) (GLMM: MD = 0.020, SE = 0.008, p = 0.011, Fig. 2, Table A2).
3.3. Hypothesis 3
The medical intervention period was signiﬁcantly associated
with increased FGCMs for both the long-term habituated group
and the recently habituated group (GLMM: MD = 0.36, SE = 0.11,
p = 0.01; MD = 0.21, SE = 0.08, p = 0.01). An increasing frequency
of humans breaking the 7 m distance regulation was also signiﬁ-
cantly associated with higher FGCMs in both habituated groups,
but this relationship only remained signiﬁcant in the recently
habituated group after multiplicity correction (GLMM:
MD = 0.015, SE = 0.05, p = 0.01). We found no signiﬁcant difference
in FGCM levels relating to the effects of tourism days or other types
of contacts, nor in our detailed analysis of tourism variables
(Table A3).
4. Discussion
We found that two, (and possibly all three) of the human-con-
tacted gorilla groups that we studied had higher mean FGCMs than
unhabituated gorillas. This supports both a physiological habitua-
tion effect in gorillas, as well as an ongoing inﬂuence of human
contact on gorilla physiology, despite habituation. The group
undergoing habituation had the highest FGCMs, which increased
up to 21 days after contacts. This response may represent an antic-
ipatory FGCM response to a chronic intermittent stressor. FGCMs
in habituated groups were signiﬁcantly associated with increasing
frequency of violation of the 7 m distance rule by observers and
with a medical intervention, but not with other measures of hu-
man pressure. This suggests that current human–gorilla contact
regulations at the study site are adequate, but that general hu-
man–gorilla proximity regulations require revision. Our ﬁndings
emphasise the importance of conducting habituation processes
quickly and efﬁciently, and of monitoring accepted human-wildlife
management regulations to protect gorillas and other human-ex-
posed animal species.
4.1. Hypothesis 1: contact with humans elicits a GC response in
gorillas, but habituation reduces this response over time
We found evidence to support this hypothesis, as gorillas
undergoing habituation and recently habituated gorillas had sig-
niﬁcantly higher FGCMs than un-habituated gorillas. These ﬁnd-
ings are similar to those for other species: tourism-exposed black
howler monkey groups (Alouatta pigra), European pine martins
(Martes martes) and little penguins (Eudyptula minor) all had signif-
icantly higher faecal cortisol than non-tourism-exposed groups of
the same species (Behie et al., 2010; Barja et al., 2007; Turner,
2001). However, although the mean FGCM values of the long-term
habituated group were higher than those of the unhabituated
gorillas, as illustrated visually in Fig. 1, the difference was statisti-
cally ambiguous (p = 0.05). An interpretation based on a lack of an
effect would suggest that long-term habituation reduces the GC re-
sponse to human contact to a similar level to that when there is no
contact at all. However, given that the data relate to physiological
alterations in a critically endangered animal resulting from ac-
cepted management practices, it is important to recognise the pos-
sibility that the differences may represent an ongoing effect of
human–gorilla contact despite habituation, which would be in
support of prediction 3.
The FGCM levels of the group undergoing habituation were sig-
niﬁcantly higher than those of the long-term habituated group and
unhabituated gorillas, which supports prediction 1b, that gorillas
undergoing the process of habituation will have higher FGCMs
than habituated gorillas, although FGCM levels were not higher
than the recently habituated group. These results are similar to a
study that showed that FGCMs in unhabituated orangutans that
had been followed by humans for several days were higher than
those of habituated animals after human contacts (Muehlenbein
et al., 2012). Together, these two studies provide evidence that
unhabituated apes mount a stronger GC response to human con-
tact than habituated apes.
The most parsimonious explanation of the differences in FGCMs
we observed between the gorillas groups relates to their habitua-
tion status. That is, for gorillas, not being contacted by humans at
all may be the least stressful situation compared to being under
habituation or recently habituated. However, with time, habitua-
tion may result in gorillas perceiving human contact as less of a
threat, and therefore less stressful, so that long-term habituated
animals have lower basal FGCM levels than those undergoing
habituation. However, these between-group comparisons should
Fig. 1. Mean +/SD FGCM values for gorillas that are unhabituated, long-term
habituated, recently habituated and undergoing habituation with 95% conﬁdence
intervals.
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be interpreted with caution, and do not necessarily allow us to
conclude that the variation in FGCM levels are a direct result of hu-
man-exposure (Breuner et al., 2013). For example, differences in
FGCMs may simply reﬂect a normal response to stimuli, which
does not necessarily equate to ﬁtness costs (Treves and Brandon,
2005) and individuals may have different basal levels of stress hor-
mones (Ostner et al., 2008).
Environmental stressors are not equal across individuals or
groups, and FGCM differences may be related to seasonal, diet,
and life history differences (Romero, 2002) as well as behavioural
differences (Muehlenbein et al., 2012). We found no signiﬁcant
individual or seasonal effects on FGCMs, and controlled for age-
sex class in our analyses, making these unlikely explanations for
the between-group variation in FGCMs. However, we were unable
to control for nutritional differences between groups, or the effects
of any demographic changes in gorillas undergoing habituation
and unhabituated gorillas. Furthermore, GC responses to human
exposure may be inﬂuenced by animal temperament and context
(Martin and Réale, 2008). Therefore, we adopted a stronger, more
informative approach and explored a gorilla groups’ FGCM re-
sponse to habituation (hypothesis 2), and the response of habitu-
ated groups to measures of daily human contact (hypothesis 3).
4.2. Hypothesis 2: the process of habituation is perceived as a threat by
gorillas
Although our speciﬁc predictions that FGCMs would signiﬁ-
cantly peak at 48 h and decrease thereafter were not fully sup-
ported, our ﬁndings still provide support for this hypothesis. We
observed a signiﬁcant peak (approximately 50% elevation) in
FGCMs 48 h after three contacts (but not one or two contacts)
had been made with the group on one day. This result is similar
to the results of an experimental study which found that sparrows
exposed to three stressors per day had signiﬁcantly increased
endogenous corticosterone levels compared to those that received
only one (Busch et al., 2008). This may suggest that the disturbance
caused by one or two contacts per day is not perceived as a great
enough stressor by the gorillas at this stage in their habituation
to cause signiﬁcant alterations to the FGCM response, but that
the disturbance caused by three contacts per day is. We also de-
tected a signiﬁcant increase in FGCMs after the initial peak re-
sponse within the 48 h period: FGCMs continued to rise over
time between contacts for up to 21 days, instead of decreasing
after 48 h as we predicted. This ﬁnding suggests that human con-
tact (irrespective of the number of contacts per day) is perceived
as a disturbance, which results in an increased GC release by the
gorillas during the process of habituation. This ﬁnding contrasts
with the FGCM response to human-visitation in habituated and
unhabituated orang-utans, which returned to baseline levels with-
in 48 h (Muehlenbein et al., 2012). As it is not possible to carry out
physiological validation using sedation or ACTH challenge with the
wild gorillas, we cannot conclude whether the elevated FGCM lev-
els rose sufﬁciently above their basal levels to become bound to the
hormone receptor that activates the stress response (Breuner et al.,
2013) and thus represent a true stress reaction. However, if allo-
static overload persists and GCs are above basal levels for days or
weeks, this may result in what is often termed ‘‘chronic stress’’,
which can alter baseline GCs, stress-level GCs and/or the duration
of the GC response to stressors (Busch and Hayward, 2009).
Following the peak in FGCM levels on day 2 after contacts, we
also observed a drop on days 3,4 and 5, followed by a more pro-
nounced and sustained rise with a second, similarly-sized peak
on day 14. The cause of the second peak is largely open to interpre-
tation. It may be that this response is due to a state of anticipatory
vigilance (Arthur, 1987; Busch and Hayward, 2009). A single pred-
ator attack, or a severe attack by a dominant conspeciﬁc, may cause
an animal to anticipate more of the same and thus to become
chronically stressed (Boonstra, 2012). This response is well-illus-
trated in humans and other animals responding to chronic unpre-
dictable stressors (Burchﬁeld, 1979; Clinchy et al., 2010; Davis and
Levine, 1982), and may have similar cognitive underpinnings to
those preceding post-traumatic-stress-disease in humans (Yehuda,
2002; Boonstra, 2012). If the rising FGCM response of the group
undergoing habituation is due to a physiological reaction to antic-
ipation of a chronic intermittent stressor (such as habituation), this
would offer an explanation as to why the FGCMs of unhabituated
human-contacted orangutans returned to baseline 48 h later
(Muehlenbein et al., 2012), as the orangutans were not undergoing
habituation. Alternatively, the sustained rise and second FGCM
peak may be indicative of other inﬂuential environmental or social
stressors in the lives of this gorilla group which we were unable to
control for in the study. If this is the case, then our results may sug-
gest that the effect of the habituation process in an FGCM context
is no different to other such energetically challenging events. If,
however, the second peak illustrates the gorillas physiological re-
sponse to contacts as a long-term (<21 days) elevation in FGCMs,
as Fig. 2 suggests, then this may also explain the large variation
in FGCM levels observed in the day 0 samples before contacts were
Fig. 2. Relationship between mean +/SD FGCM values and the number of days after humans made contact(s) with the group undergoing habituation. ‘Day 0’ represents day
of contact (therefore the peak FGCM response to contact would be expected 48 h later).
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made which we were also unable to control for in the study.
Thirdly, like brown bears during the hunting season (Ordiz et al.,
2012), gorillas under habituation detect humans before contact is
made and adjust their movements accordingly (Blom et al., 2004;
Cipolletta, 2003). If the gorillas under habituation perceive a threat
of human contact continually, this may combine with the effect
that increased physical activity as a result of human avoidance
may have on GC release (Li et al., 2012) and contribute to the sus-
tained increase in FGCM levels observed in the days after contacts
made with the group undergoing habituation.
4.3. Hypothesis 3: elements of human–gorilla contact may still elicit a
GC response in habituated gorillas
We found no associations between FGCMs in the habituated
groups and the time humans spent in visual or non-visual contact,
the total number of people visiting the group each day, or the
occurrence of tourism. These results suggest that current hu-
man–gorilla contact regulations are effective at preventing signiﬁ-
cant FGCM increases. However, variation in the tourism variables
was generally small and our methods may not be sufﬁciently sen-
sitive to detect adrenocortical responses to relatively subtle
variation.
Our ﬁndings do not, however, necessarily suggest that the long-
term and recently habituated gorillas are not chronically stressed,
as physiological alterations can occur in response to repeat stress-
ors in the absence of detectable FGCM alterations as a result of
physiological response down-regulation, blunting or desensitisa-
tion (Busch and Hayward, 2009; Rich and Romero, 2005). This
seems to be the case in Magellanic penguins (Spheniscus magellan-
icus) exposed to tourism (Walker et al., 2005) and is well docu-
mented in research investigating the stress impacts of wildlife
tourism on other animal species (Fowler, 1999; Millspaugh and
Washburn, 2004; Müllner et al., 2004).
Our ﬁnding of signiﬁcantly increased FGCMs in both habituated
gorilla groups in response to the medical intervention is not sur-
prising as the intervention required close and persistent follows
of individual gorillas. We expected this process to elicit a tempo-
rary GC response, compensated by a long-term health beneﬁt (de-
tails in Walsh et al. in prep). Our most important ﬁnding, however,
was that transgressions of the 7 m distance rule were associated
with an increase in FGCMs in both habituated gorilla groups in ini-
tial analyses, and remained signiﬁcant in the recently habituated
group overall, which provides support for prediction 3. Similar
ﬁndings are reported in tourism-exposed Barbary macaques (Ma-
caca sylvanus), where a rise in FGCMs was detected in response
to aggressive (possibly closer) interactions with tourists (Maréchal
et al., 2011).
4.4. Management implications
Although there is debate as to whether naturally occurring
chronic stress results in pathology (Boonstra, 2012), immunosup-
pression and illness are commonly linked to chronic intermittent
stress (Cohen et al., 2007). Given that the group undergoing
habituation, the recently habituated group and potentially also
the long-term habituated group had higher FGCMs than unhabitu-
ated gorillas, it would seem prudent to take all measures possible
to reduce potential causes of FGCM elevation in habituated groups
and those undergoing habituation in order to reduce potential
physiological impacts of their imposed contact with humans.
4.4.1. Habituation
Our ﬁndings are important in understanding hormonal habitu-
ation and provide a useful tool with which to assess GC variation
during the vulnerable phase of habituation. A key implication of
our study is that contacts made with gorillas undergoing habitua-
tion elicit a signiﬁcant FGCM response, which accumulates in the
days following contacts, and may be indicative of a chronic stress
response. This enforces the need to conduct routine, direct, visual
monitoring of gorillas undergoing habituation for indications of
ill health such as weight loss, ectoparasitic infection and behav-
ioural alterations. Samples should also be collected non-invasively
to monitor health or establish other measures of ‘downstream’
physiology (Breuner et al., 2013). Furthermore, if the FGCM re-
sponse to human visitation reduces with increasing habituation
as our between-groups comparison suggests, then it would be pru-
dent to carry out habituation efﬁciently and quickly. This means
that the decision to start habituation should not be made without
ensuring the availability of funds and mechanisms to locate and
monitor gorillas and priority should be placed on completing
habituation over research and tourism demands.
4.4.2. Research and tourism with Habituated Groups
We observed that humans often broke the 7 m regulation and
that this was linked to increasing FGCM levels in recently habitu-
ated gorillas. This suggests that managers should consider increas-
ing the minimum viewing distance beyond 7 m. Research on
habituated western lowland gorillas found that behavioural alter-
ations, such as increased visual monitoring of humans and low-le-
vel aggression directed at humans, decreased when visitors
remained at 10 m from gorillas (Klailova et al., 2010), suggesting
that FGCM levels may also decrease, although further research is
necessary to test this possibility. A greater distance regulation
would also reduce the risks of direct human–gorilla disease trans-
mission and bring the site in line with the most recent IUCN rec-
ommendations (Williamson and Macﬁe, 2010).
Finally, our results may be representative of the effects of
human-visitation on other species in similar contexts where
habituation for close-contact research and tourism is used for
conservation. The implications of our study are likely to be more
widely applicable to other such ecotourism and conservation
management contexts. The development and application of simi-
lar studies to monitor and advise ecotourism management strate-
gies is vital if it is to offer a sustainable wildlife conservation
solution.
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